I. INTRODUCTION
The financial crisis in one country could have devastating consequences to its financial industries and an adverse influence on other countries. Since the 2008 global financial crisis, governments around the world have been paying much more attention to early warning of financial risks and their control. Scholars in financial field and the financial industry regulatory authority have been making research to evaluate and prevent financial risk [1] . Various traditional models based on statistical methodologies have been used to study these problems abroad. But the situations and conditions for establishing these models vary from one country to another. Therefore, aforementioned models are not suited to assess China's financial risk (CFR). Meanwhile, some models are put forward and widely used in China, e.g. the comprehensive index method named AHP (the analytic hierarchy process), which use Delphi weighting or entropy weighting as well as integrated weighting method [1] - [3] , factor analysis (FA) [4] - [5] , and the combinations of these methods and neural networks (NN) [6] - [9] . In principle, AHP with Delphi-weighting is a subjective method: its rationality and validity totally depend on the ability and experience ofthe experts invited to judge the importance between every two indexes. Therefore, the objectiveness of AHP method is dubious. FA, an objective weighting-method, is rational and validate merely in the application conditions of large samples (e.g. the ratio of the number of samples to that of indexes is greater than [3] [4] [5] and Kaiser-Meyer-Olkin (KMO) is greater than 0.6 [10] . Otherwise, the validity of FA is unasserted-often incorrect and wrong. Recently researches in the field of NN have shown that NN has powerful pattern classification and pattern recognition capacities. However, there are so many factors that can affect the performance of NN. Gorr believes that NN can be more effective in the application conditions that problems have large data set and nonlinear structure [11] . The above-mentioned literatures applying NN do not conform to the application conditions of FA and NN [6] - [9] . Furthermore, NN belongs to the category of data-driven "black box" models; it cannot avoid the consequences of the "garbage in-garbage out" rule [12] - [13] . If the expected outputs of the training data set, from AHP or FA [6] - [10] , are not correct, the results of NN are unlikely to firmly hold up. The financial risk evaluation index system is applied to establish robust and valid NN model with its single-index assessment criteria and interpolation values, which function as training data, verification data, and testing data set [14] . However, the modeling process is very complex and a lot of parameters need to be determined by researcher. So, the problem for China's financial risk evaluation and early warning is still unsolved and needs more study.
In fact, to evaluate CFR is to solve a multi-index problem with the help of reasonable mathematical tools. Friedman and Tukey have developed the projection pursuit clustering (PPC) technique [15] , a powerful tool being widely and successfully used in many fields such as humanistic and social science, to deal with multi-index problems in China [16] . In this paper, the PPC technique is innovatively and experimentally introduced to evaluate CFR, and more robust and valid results are thus expected.
II. ESTABLISHMENT OF THE EVALUATION INDEX SYSTEM
FOR CHINA'S FINANCIAL RISK Various evaluation index systems for CFR were put forward in previous studies [1] - [9] and [14] . In order to study the valid and the robust of these methods conveniently, the evaluation index system in [6] and [14] is applied in this paper and consists of six aspects: economic growth risk (EGR), fiscal risk (FR), monetary risk (MR), international payment risk (IPR), stock market risk (SMR) and bank risk (BR). As shown in Table I , the system is composed of 20 evaluation indexes: GDP growth rate (GDPGR), fixed-asset investment growth rate (FAIGR), financial debt dependency(FDD), debt to GDP ratio (DGDPR), proportion of government revenue to GDP (GR/GDP), inflation rate (IR), proportion of M2 growth rate to GDPGR (M2GR/GDPGR), proportion of credit growth rate to GDPGR (CGR/GDPGR), proportion of current account balance to GDP (CAB/GDP), short-term debt ratio (STDR), proportion of foreign exchange reserves to total imports and exports (FER/TIE), liability ratio (LR), debt service ratio (DSR), foreign debt ratio (FDR), stock P/E ratio (P/E), proportion of total market capitalization to GDP (TMC/GDP), capital adequacy ratio (CAR), non-performing loan ratio (NPLR), deposit to loans ratio (DLR), and medium and long loans ratio (MLLR). China's financial risk situation is reflected by all of these evaluation indexes synthetically.
III. PRINCIPLE OF THE PROJECTION PURSUIT CLUSTERING TECHNIQUE
Friedman and Tukey developed the projection pursuit (PP) principle, a powerful tool dealing with high-dimensional problem, to find out the one-dimensional projection direction which has the main characteristics of data [15] - [17] . The characteristics of high-dimensional data then can be analyzed by studying the structure and characteristics of one-dimensional data. So far, PPC model, which is a powerful tool in multi-index clustering or evaluation, has been widely and successfully applied to science, humanity, and engineering fields in China [15] - [17] . PPC model can find out a specific and interesting projection direction to reveal the complex structure of high-dimensional data-usually non-linear as well as abnormal distribution. Furthermore, projection pursuit uses trimmed global measures with the advantage of robustness against outliers. The principles and steps of establishing PPC model are as follows.
A. Data Preprocessing
Denote the original value of the jth index of the ith sample data by ' ij x (where
, n is the number of sample data and p is the dimension). In order to make the results entirely independent of the ranges of values or the units of measurements, we should bring all values to compatible units with a mean of 0 and standard deviation of 1. For a positive (or benefit) and a negative (or cost) index, the follow transformation has a wide variety of applications, 
B. Linear Projection
In principle, projection pursuit is used to analyze the characteristics of high-dimensional data from all directions; projection pursuit aims to expose the hidden characteristics or structure of the high-dimensional original sample data by comparing and searching all low-dimensional projections. Let   
where j a is the projection vector coefficient of the jth index.
The samples can be ranked and classified in terms of their projection values, from the maximum to the minimum, in one-dimensional direction. Also, all the indexes can be ranked and classified according to their optimal projection vector coefficients.
C. Optimization of PPC Model Objective Function
The widely used optimization objective function of PPC model, proposed by Friedman and Tukey, is to maximize the production of standard deviation 
D. Generation of Sufficient Sample Data
According to Table I , the only three critical-value samples (CVSs) dividing the financial risk (FR) situations into different levels are too few to establish a valid PPC model. So, we should generate sufficient sample data strictly according to Table I . As we have seen from Table I , different FR levels correspond to different ranges of each index. Therefore, we can generate sufficient sample data for various FR levels based on different ranges of the evaluation indexes. If we generate the random-value sample data in the following range of each index: 
where Z and Y are the mean values of
The restrictions upon the optimization objective function (4) are various: consisting of non-linear, equality, and inequality constraints. The optimization objective function itself is nonlinear, high-dimensional, and complex. Therefore, it is very difficult to solve (4) by traditional optimization techniques, and the searching process usually reaches local minimum. In this paper, we apply an artificial bee colony (ABC) algorithm to solve (4).
F. Principle of Artificial Bee Colony Algorithm
Artificial bee colony (ABC) algorithm is one of the most recently introduced swarm-based algorithms [18] - [20] . ABC simulates the intelligent foraging behavior of a honeybee swarm. An important difference between ABC and other swarm intelligence algorithms is that in the ABC algorithm the possible solutions represent food sources, not individuals (honeybees). The results of optimizing a large set of numerical test functions show that the performance of the ABC is better than or similar to those of other population-based algorithms, like genetic algorithm, particle swarm optimization (PSO) algorithm, and differential evolution algorithm, with the advantage of employing fewer control parameters and can be efficiently employed to solve engineering problems with high dimensionality [18] - [20] .
In ABC algorithm, the colony of artificial bees contains three groups of bees: employed bees, onlookers, and scouts. The position of a food source represents a possible solution to the optimization problem and the nectar amount (fitness value) of a food source corresponds to the quality (fitness) of the associated solution. For every food source, there is only one employed bee. Every bee colony has scouts that are the colony's explorers. The scouts are characterized by low search costs and a low average in food source quality. Occasionally, the scouts can accidentally discover rich, entirely unknown food sources. The number of the employed bees or the onlooker bees is equal to the number of solutions in the population. Each solution ( 
is a D-dimensional vector, where SN denotes the size of population or the number of solutions and D is the number of variables of the problem. An employed bee produces a modification on the solution in her memory depending on the local information and tests the nectar fitness value of the new solution. Provided that the nectar fitness value of the new one is higher than that of the previous one, the bee memorizes the new solution and forgets the old one. Otherwise she keeps the solution of the previous one in her memory. The food source of which the nectar is abandoned by the bees is replaced with a new food source by the scouts. The employed bee of an abandoned food source becomes a scout. An artificial onlooker bee chooses a food source depending on the probability value associated with that food source, l p , calculated by the following expression,
where l fit is the fitness value of the solution l which is proportional to the nectar fitness value of the food source in the position l. In order to produce a candidate food position from the old one in memory, the ABC uses the following expression, , , A greedy selection mechanism is employed as the selection operation between the old and the candidate one. Provided that a position cannot be further improved through a predetermined number of cycles, the food source is assumed to be abandoned. So, the value of predetermined number of cycles, which is called "limit for abandonment" [18] - [20] , is an important control parameter of the ABC algorithm. In the ABC, the parameter limit is equal to SN*D. There are three important control parameters used in the ABC: the number of food sources which is equal to the number of employed or onlooker bees (SN), the value of limit, and the maximum cycle number (MCN). Assume that the abandoned source 
In ABC algorithm, while onlookers and employed bees carry out the exploitation process in the search space, the scouts control the exploration process. Detailed pseudo-code of ABC algorithm is given as follow [18] - [20] ,  Initialize the population of solutions ( 1,2,. .., ) 
Rule 4:
If a is the optimal projection vector, then a  must be the optimal one as well.
Based on above rules, we can assume dummy indexes 
IV. POSITIVE RESEARCH

A. To Establish PPC Model for Evaluating China's Financial Risk level
The computer program is developed by applying MATLAB 7.0 and the ABC algorithm. We input the 320 sample data for establishing (SDE) PPC model into the program. We adjust the ABC algorithm parameters such as MCN and SN, change the standardization mode of odd indexes and check whether the projection vector coefficients of odd indexes equal to their opposite value. Finally, according to the above rules, we can confidently judge that the optimization searching process reaches the real global optimal, and thus we can obtain the optimal projection vector a and its coefficients, the values of Y is shown in Fig. 1 . Fig. 1 shows that the coupling relationship, for each i , obviously obeys to logistic curve and can be described as:
We can obtain the optimal 0 4 .5000]-correspond to the four financial risk levels: Safety, Proper-safety, Risk and High-risk, respectively. In the same way, we can obtain the output ranges of the six sub-systems corresponding to the different four financial risk levels, which are also shown in Table IV . By studying these output ranges, we can analyze and judge that, in every year, to which risk level China's financial industry and each of its sub-system belongs.
D. To Analyze and Judge China's Financial Risk Level
The financial risk usually has one-year incubation, so we should use operation data of China's financial industry in1993 to predict the financial risk level in 1994. By inputting the collected operation data -from [6] , [14] Table V . According to the output ranges of different financial risk level in Table IV, we  can judge China's financial risk level during 1994-2012 and  display them in Table V . The outputs of sub-systems' PPC models and the sub-systems' risk level of China financialindustry during 1994-2012 are calculated and shown in Fig. 2 . a The ratio of the number of samples whose AE less than 0.05 to the total number of samples is 51%. II  II  II  II  II  II  II  II  II  II  [6]  I  I  I  II  II  III  III  III  IV IV  [14]  II  II  II  II  II  II  II  II  II  II  FA  II  II  I  II  II  II  II  II  II  II  EWTOPSIS II  II  II  II  II  II  II  II  II II  II  II  II  III  II  II  II  II  [6]  III  IV  IV  IV  IV  [14]  Ⅱ  Ⅱ  Ⅱ  Ⅱ  Ⅲ  Ⅱ  Ⅲ  Ⅱ  Ⅱ  FA  II  I  I  I  I  I  I  I  I  EWTOPSIS II  II  II  II  II  II  II  II 
In terms of the six sub-systems, the bank risk is the highest and lies on the Risk level for 17 years. The financial risk situation of the economic growth is next to that of the bank risk. The financial risk situation of the stock market is the lowest. The financial risk situation of the two sub-systems of the international payment and the monetary is safe except that 2010 belongs to Risk level.
E. To Compare the Results Using PPC Model and Using Other Modeling Methods
During 1994-2012, the evaluation, which uses PPC model established in this paper, of the risk level of China's financial industry is good agreement with that in [14] applying artificial neural networks (ANNs) modeling technique and generating efficient sample data. Meanwhile, during 1994-2008, the risk level using PPC model is quite different from that in [6] applying factor analysis modeling technique (FA) and critical-value samples. We also apply FA to model using the collected data during 1993-2011, and we discover that the KMO=0.352 and the ratio of the number of sample data to the number of indexes is 1. 
The FS formula shows that the indexes 3
x , 6 x , 10 x , 19 x , and 20
x are negative. In fact, there is a contradiction: these indexes are all standardized by (2) and definitely positive. In other words, if the application conditions of using FA cannot be satisfied with, the results will be wrong and unreliable. During 1994-2012, the China's financial risk level using FA is also shown in Table V . The result is quite different from that using PPC model and ANNs. As one of the multi-index system engineering decision-making methods, the combination method of information entropy-weighting and TOPSIS (technique for order preference by similarity to ideal solution) (EWTOPSIS) is widely used in practice [1] , [21] - [22] . So, we apply the EWTOPSIS to model China's financial risk based on the collected data during 1993-2011 and the three critical-value sample data. According to the modeling principles, we obtain the entropy- Table V show that the risk level of China's financial industry during 1994-2012 generally belongs to Proper-safety level. The financial risk level in 2008 is higher than that in any other years, and the lowest one is in 1997. The results using EWTOPSIS are almost, except the year 2008, in good agreement with that using PPC model in this paper. They also agree with the results calculated by artificial neural networks [14] 
In terms of the importance of indexes, the ratio of 10 The evaluation index system for China's financial risk and its single-index assessment criteria are used to generate sufficient samples. The positive research shows that the above-mentioned rules are suitable and feasible in practice, and a reliable and valid PPC model for evaluating China's financial risk situation is built up in this paper. The China's financial risk level during 1994-2012 lies on Proper-safety level generally, except in 2008 lying on Risk situation. The PPC sub-models of the six financial risk sub-systems are also built up in this paper. In terms of the six financial risk sub-systems, the bank risk is the greatest, and the economic growth risk comes the next. The results also indicate that China's financial risk is not serious and under proper controlled. In other words, the proactive fiscal policy and the prudent monetary policy that China's government have been implementing for years played a positive and effective role in maintaining China's financial operation stability. Furthermore, it also shows that bank industry should improve her operating ability, try her best to take measures to improve the management and efficiency of fund, and raise her capability of competition and risk protection. 
